A field experiment in growing winter rape was carried out during the period 2009-2011 in a family farm (owned by Mr. M. Bednarczyk) located in Jaroszewice (Lublin region), on podzolic soil. Plant biometric features as well as yield and seed qualitative parameters (oil, protein and glucosinolate content) were evaluated depending on the following rates of soil NPK fertilizers and on foliar fertilization (autumn spraying with the fertilizer solution): 100% and 75% of NPK as well as urea + nickel chelate + MgSO4H2O; 100% and 75% of NPK as well as urea + Plonvit R + MgSO4H2O). Plots without foliar fertilization (only 100% of NPK) were the control treatment. The other experimental factor was the seeding rate (2.5 kg×ha -1 -30 cm row spacing; 4 kg×ha -1 -18 cm row spacing). Foliar spraying was done once in the autumn in the second decade of October.
A field experiment in growing winter rape was carried out during the period 2009-2011 in a family farm (owned by Mr. M. Bednarczyk) located in Jaroszewice (Lublin region), on podzolic soil. Plant biometric features as well as yield and seed qualitative parameters (oil, protein and glucosinolate content) were evaluated depending on the following rates of soil NPK fertilizers and on foliar fertilization (autumn spraying with the fertilizer solution): 100% and 75% of NPK as well as urea + nickel chelate + MgSO4H2O; 100% and 75% of NPK as well as urea + Plonvit R + MgSO4H2O). Plots without foliar fertilization (only 100% of NPK) were the control treatment. The other experimental factor was the seeding rate (2.5 kg×ha -1 -30 cm row spacing; 4 kg×ha -1 -18 cm row spacing). Foliar spraying was done once in the autumn in the second decade of October.
Tillage as well as mechanical and chemical control of agricultural pests in the plantation were typical for this plant species and consistent with the recommendations for winter rape protection.
A hypothesis was made that the application of foliar fertilizers would have a beneficial effect on winter rape productivity, at the same time maintaining the high quality of raw material. It was also assumed that a reduction in the seeding rate of winter oilseed rape would result in reduced plant lodging and an increased number of siliques per plant; as a consequence, seed and oil productivity would be at a level not lower than that obtained at the higher seeding rate.
The present study has proved that foliar fertilization of winter oilseed rape in the autumn period contributes to improved plant winter hardiness and increased productivity. The application of foliar fertilizers also enables the rates of basic mineral NPK fertilizers to be reduced by 25% without detriment to seed yield. Foliar fertilizers have been found to have a weaker effect on changing the chemical composition of rapeseed. The study has shown that, from the productive point of view, it is justified to use the lower seeding rate (2.5 kg×ha -1 ), since winter rape yield (seed and oil yield) did not significantly differ from that found in the case of the higher seeding rate (4.0 kg×ha
INTRODUCTION
Winter rape (Brassica napus L. ssp. oleifera Metzg., Sinsk) is a plant with high nutritional requirements and it responses with a significant increase in seed yield both to soil and foliar fertilizers. This applies not only to nitrogen, potassium and magnesium, but also to other mineral nutrients (sulphur, boron). The highest nutrient uptake occurs during the intensive growth of above-ground biomass, 3-4 weeks before flowering, and subsequently during the period of silique and seed formation (C z u b a et al. 1995; S z e w c z u k , 2003) . During this time, nutritional requirements for these nutrients can be met by applying foliar fertilization (P a i s , 1983 ; H a r a s i m and F i l i p e k , 2009). Properly balanced fertilization affects the quality of yield and is an element enhancing winter hardiness of winter rape, in particular providing good magnesium supply to plants (C z u b a et al. 1995) . Nickel was included in micronutrients relatively recently -in 1991. The effect of its deficiency has been studied in many crop plants. However, the needs to make up Ni deficiency under field conditions are not known (G e r e n d á s and S a t t e l m a c h e r , 1997). Some compound foliar fertilizers, for example Plonvit R, contain a whole range of elements necessary for plants (N, Mg, S, Mn, Fe, Zn, Cu, B, Ti, Mo, Na) (S z e w c z u k , 2003).
On the other hand, environmental protection considerations speak in favour of reducing, if it is rationally possible, rates of mineral fertilizers applied to crop fields every year. As shown by some studies (N o -w o r o l n i k , 1996; C h r z a n o w s k a -D r o ż d ż , 2001; B r z o z o w s k a et al. 2008) , such a measure does not always mean decreased productivity of the crop plant. Comprehensive fertilization of winter oilseed rape (soil and foliar mineral fertilization) also entails certain risks leading to excessive vegetative growth of plants, reduced silique set, and higher susceptibility to lodging. Observations based on farming practice confirm that these phenomena may occur in particular in a situation where there is a too dense oilseed rape crop. It seems that such a situation can be prevented by applying a reduced seeding rate of winter rape, which is confirmed by the study of B u d z y ń s k i (2006). New cultivars of this plant are characterized by high germination ability and they produce a large number of branches. With a lower seeding rate, these traits can be fully utilized, since the number of evenly arranged siliques on the plant increases.
The above arguments allowed a hypothesis to be formed that the application of foliar fertilizers would have a beneficial effect on winter rape productivity, at the same time maintaining the high quality of raw material, even if the rates of soil-applied mineral NPK fertilizers are reduced by 1/4. It was also assumed that a reduction in the seeding rate of winter rape would result in reduced plant lodging and an increased number of siliques per plant; as a consequence, seed and oil productivity would be at a level not lower than that obtained at the higher seeding rate. The positive results of such measures would also be economically justified.
The aim of the present study was to evaluate plant winter hardiness and lodging, biometric features, qualitative parameters and yield of winter rape under the conditions of application of foliar fertilizers in combination with two rates of mineral NPK fertilizers and different seeding rates.
MATERIALS AND METHODS
A field experiment in growing winter rape was carried out during the period 2009-2011 in a family farm (owned by Mr. M. Bednarczyk) located in Jaroszewice (Lublin region) on podzolic soil, classified as soil class III a. The experiment was set up as a split--plot design with 4 replicates. The area of a single plot was 27 m 2 . Spring barley was the forecrop for winter rape (the double-low hybrid cultivar 'Kronos').
The experimental design included the following factors:
I , Plonvit R -0.67%. Tillage as well as mechanical and chemical control of agricultural pests in the plantation were typical for this plant species and consistent with the recommendations for winter rape protection.
Before sowing (in the third decade of August), the following amounts of nutrients were applied on a per hectare basis in the treatment combination with 100% of NPK (treatments A, B, D): 50 kg N (in the form of ammonium nitrate), 30 kg P (granulated triple superphosphate), and 150 kg K (potassium salt). In the treatment combination with 75% of NPK (treatments C and E), the following amounts were applied on a per hectare basis, respectively: 37.5 kg N, 22.5 kg P, and 112.5 kg K. In early spring, when plant growth started, ammonium nitrate was used at an amount of 100 kg N×ha -1 (treatments A, B, D) and 75 kg N×ha -1
(treatments C and E). The 100% rates of phosphorus and potassium fertilizers were determined on the basis of the nutritional requirements of oilseed rape and nutrient availability in the soil, which showed a medium content of P (61 mg per 1 kg of soil) and Mg (55 mg) as well as a low content of K (83 mg) in the 0-20 cm soil layer.
In the autumn and spring, plant density in pcs.×m -2 was calculated for the individual treatments. Before harvest, the following yield components were determined on the basis of 30 plants randomly selected from each treatment: number of siliques per plant, number of seeds per silique on the main stem and on axillary branches as well as 1000 seed weight. Plant lodging was determined several days before harvest, using a 9-point scale. Seeds were harvested in the 3rd decade of July. After seeds were dried, seed yield was determined on a per hectare basis and seed samples were taken for laboratory analysis. Crude oil content in rapeseed was determined by the Soxhlet method, total protein content by the Kjeldahl method, while glucosinolate content by gas chromatography of desulfo-glucosinolates.
The results of the study were subjected to statistical analysis (analysis of variance using Statgraphic 5.0 software), whereas significant differences were evaluated by Tukey's test at = 0.05.
RESULTS AND DISCUSSION
The weather in individual years of winter rape growth was generally favourable for winter survival of plants (Table 1) , as crop losses were 4.6-10.9% on average for the study period, irrespective of the experimental factors. Different seeding rates had practically no effect on the trait in question. But winter survival of oilseed rape plants significantly depended on the type of fertilization. Compared to the control treatment, the lowest crop losses were recorded in the treatment with foliar application of the solution (urea + Plonvit R + magnesium sulphate), irrespective of the rate of mineral NPK fertilizers (treatments D and E). Treatment B, in which nickel chelate was a component of the foliar solution, was also found to have better winter survival of rape plants relative to the control plots. Treatment C showed lower winter survival of plants (statistically significant in relation to treatment D). To sum up, it should be however noted that all foliar fertilizers showed a beneficial influence on winter survival of rape oilseed plants. This is reflected in the results of the study of C z u b a et al. (1995) . These authors indicate the positive effect of foliar-applied magnesium sulphate which is supplied to plants in the autumn.
The reduction in the seeding rate of winter rape from 70 to 40 plants per 1 m 2 had a significant effect on reducing plant lodging (by 0.8 percentage point) (Table 2). Statistically proven lower lodging (by 1.0-1.4 pp) was found in treatments B, D and E in relation to that in treatment A (without foliar fertilization).
The application of different seeding rates of winter rape had practically no effect on density of siliques on the plant (Table 3) . But the foliar fertilizers generally had a beneficial influence on the trait in question. Compared to the control treatment (A), a significantly higher number of siliques per plant was found in treatments B and C where the fertilizer solution (urea + nickel chelate + magnesium sulphate) was foliar applied, irrespective of the level of soil NPK fertilization.
The study showed that seeding rate did not significantly differentiate the number of seeds per silique on the main stem of winter rape (Table 4) . Nevertheless, the higher seeding rate promoted a higher number of seeds per silique. In most cases (treatments B, C and D), the applied variants of foliar fertilization showed a proven effect on increasing the number of seeds per silique on the main stem by 8-12% compared to that found in the control treatment. Such a correlation was not found for treatment E.
In the case of axillary branches of winter rape, the average number of seeds per silique did not show any significant change under the influence of the seeding rate (Table 5 ). In the treatments with the reduced seeding rate, a trend to produce a higher number of seeds per silique was observed. All the treatments with foliar application of the fertilizer solution, irrespective of soil NPK fertilization, contributed to a significant increase in the number of seeds per silique on the axillary branch, on average by 21-28%.
The reduction in the seeding rate of winter rape from 4.0 to 2.5 kg×ha -1 (40 plants per 1 m 2 ) produced a trend towards a larger size of harvested seeds as expressed by 1000 seed weight (Table 6 ). The solutions of the foliar fertilizers applied during the autumn period had a beneficial effect on seed size. Compared to the control treatment, there were statistically significant differences only in the case of treatment B (100% of the NPK rate and foliar fertilization with the solution: urea + nickel chelate + magnesium sulphate).
The differences in the seeding rate of winter rape (plant density 70 and 40 plants per 1 m 2 ) did not have a significant influence on yield of this plant (Table 7) . Therefore, the results of the present study make an argument for a reduction in the seeding rate of winter rape. Regardless of the type of fertilization, the difference in winter rape productivity between the seeding rates compared was only 0.09 t×ha -1 (2.5 %). The statistical analysis confirmed the great usefulness of the solution: urea + nickel chelate + magnesium sulphate, in foliar fertilization. The increase in winter rape yield under the influence of this solution, compared to the yield obtained in the control treatment (A), was on average 0.46 t×ha -1 (12%) and 0.54 t×ha -1 (14%) for treatments B and C, respectively. In spite of the absence of significant differences, ca. 6% higher productivity was also recorded in treatments D and E.
In the experiment of H a r a s i m and F i l ip e k (2009), the micronutrient fertilizer Plonwit R did not increase spring oilseed rape yield. One of the possible reasons was medium to high availability of micronutrients (Fe, Mn, Zn, Cu) in the soil, which was probably sufficient to meet the fertilization requirements of the plants. The above-mentioned authors obtained the highest yield of spring rapeseed, similarly as in the case of winter oilseed rape in the present study, from the treatments where urea was foliar applied in combination with Ni chelate. In turn, Jaskulski (2004) proved that foliar application of the fertilizer "Sonata rzepak" (Mg, S, B, Mn, Zn, Cu, Fe, Mo, Co) had an effect on increasing winter rapeseed yield in the range of 110 -260 kg×ha -1
. B a r ł ó g and P o t a r z y c k i (2000) recorded a significant increase in winter rapeseed and oil yield as a result of foliar fertilization with magnesium. On the other hand, F i g a s (2009) found a significant increase in rapeseed yield under the influence of soil-applied sulphur fertilization. Nevertheless, this author notes that the additional application of magnesium and boron did not significantly increase the effectiveness of sulphur fertilization of oilseed rape. S z e w c z u k (2003) argues that foliar fertilizers applied once in the autumn beneficially affect winter survival of winter rape plants and, as a consequence, they promote their higher productivity by about 11%. This resulted from an increase in the number of siliques and 1000 seed weight as well as from a higher number of siliques obtained from axillary branches. P a i s (1983), S i e n k i e w i c z -C h o l e w a and G e mb a r z e w s k i (1997) as well as S z u l c et al . (2003) indicate the yield-increasing effect of foliar fertilization of oilseed rape both in autumn and spring time.
In the opinion of some authors (P a i s , 1983; S z e w c z u k , 2003; H a r a s i m and F i l i p e k , 2009), fertilizers that are characterized by a relatively high content of magnesium and boron as well as of zinc, copper and molybdenum deserve special attention among foliar fertilizers recommended for oilseed rape. Titanium is also a very important component, since it stimulates different biochemical processes taking place in the plant. Nickel is also an element that is very useful for plant fertilization, which is confirmed by the results of the present study on winter oilseed rape. M a h l e r (2004) explains this by the fact of reduced industrial emissions and agriculture intensification which promote increasingly greater nickel impoverishment of soils.
The results of the present study prove that the reduced density of winter rape plants, in particular in the case of application of foliar fertilizers, does not have an effect on reducing productivity of this plant. B u d z y ń s k i (2006) reports that at a seeding rate of 2.5-3 kg of rapeseed per 1 ha (40 plants per 1 m 2 ), instead of 3.5-4 kg (50-60 plants per 1 m 2 ), the purchase cost of seed material is lower by about 20%. The study of this author also shows that plant density for winter rape hybrid cultivars ranging from 35 to 45 plants per 1 m 2 -depending on the cultivar -is entirely sufficient to obtain maximum seed yield. Winter oilseed rape responds badly to too high plant density and does not manifest its yield potential under such conditions. This is particularly important in the case of hybrid varieties ( The reduced seeding rate did not have a negative effect on seed oil content. On the contrary, a trend was observed towards a slight increase in the content of this component in seed dry weight (Table 8) . Irrespective of the seeding rate used, the applied foliar fertilizers had an effect on increasing seed oil content by 1.6% (B) -2.9% (E) of dry weight compared to that found in the control treatment. In the case of treatment E (75% of the NPK rate and foliar fertilization with the solution: urea + Plonvit R + magnesium sulphate), this was a statistically significant difference.
The obtained results show distinct differences in oil yield per unit area under the influence of fertilization applied. In the control treatment (A -without foliar fertilization), oil yield per 1 ha of the winter rape crop was on average 1375 kg. In treatment B (100% of NPK and foliar fertilization with the solution: urea + nickel chelate + magnesium sulphate) and C (75% of NPK and the solution: urea + nickel chelate + magnesium sulphate), oil yield was 1627 kg and 1671 kg, respectively. Slightly lower oil yield was found in the case of foliar fertilization with the solution of urea and magnesium sulphate with the addition of the fertilizer Plonvit R (treatments D and E): 1556 kg and 1561 kg, respectively. The seeding rate of winter rape did not affect oil yield per unit area. Irrespective of the type of fertilization, the average oil yield per 1 ha in the treatments with plant density of 40 plants per 1 m 2 was 1543 kg, while in the case of plant density of 70 plants per 1 m 2 -1574 kg (higher only by 2%). Protein content in winter rapeseed was not significantly differentiated under the influence of the experimental factors tested (Table 9) . A trend towards a higher content of this component can only be noted under the influence of application of foliar fertilizers (in particular in the combination with the recommended 100% rate of soil-applied NPK fertilizers).
Different seeding rates of winter rape did not have a major effect on glucosinolate content in seeds of this plant. However, the content of the component in question was significantly dependent on the applied type of fertilization (Table 10 ). In the treatments in which Ni chelate was applied together with urea and magnesium sulphate (treatments B and C), a significant decrease in the content of alkenyl glucosinolates (harmful) was recorded compared to those found in the other treatments. The content of indolic glucosinolates under the conditions of treatments B and C was significantly lower only in relation to that found in the control treatment and in treatment D (100% of NPK and Plonwit R + urea and magnesium sulphate). The most beneficial (lowest) total glucosinolate content in rapeseed was found in treatment C where nickel chelate was used with the rate of soil-applied NPK fertilizers reduced by 25% (significantly lower compared to treatments A, D and E). In the study of S z u l c et al. (2003), foliar sulphur fertilization of oilseed rape contributed to a lower glucosinolate content compared to the treatments where sulphur was not applied.
The results of this study show that seed oil content was in the range of 41.4 -44.7%. In the opinion of M a r k u s (1999), oil content at a level of 40.7-44.5% is considered to be average. T y s et al. (2006) note that the level of seed oil content is not a permanent parameter for a given cultivar, but it changes both during maturation and when the plant has reached full maturity. In the experiment of H a r a s i m and F i l i p e k (2009), likewise in the present study, the micronutrient fertilizer Plonvit R had a beneficial effect on increasing oil content in rapeseed. In the opinion of P a ł k a et al. (2003) , oil and protein yield per unit area is significantly dependent on the type of foliar fertilizers applied. For example, after the application of Mikrosol R oil yield was significantly higher compared to other fertilizers (Agrosol R, Plonvit R), but at the same time protein content was the lowest. On the other hand, in the opinion of the above-cited authors foliar fertilization slightly differentiates the basic chemical composition (oil, protein, fibre, ash, nitrogen-free extracts (NFE)) of rapeseed, which is modified more strongly by the cultivar factor. The technological value of rapeseed is largely dependent on the oil contained in it. This component is extracted or pressed in order to obtain raw oil, whereas protein and other ingredients become part of rapeseed extraction meal and determine its value (T y s et al. 2006) .
Glucosinolates (glucose compounds with sulphur compounds) are found in Brassica plants (e.g. cauliflower, cabbage, broccoli, and oilseed rape). Alkenyl glucosinolates are considered to be harmful, since they may adversely affect the thyroid gland and even damage other organs (F e n w i c k et al. 1983 ).
The glucosinolate content in rapeseed should be low, below 15 micromoles per gram of seed. In the present experiment, irrespective of the experimental treatment, the glucosinolate content in winter rapeseed ranged 10.1-12.6 micromoles per gram of seed.
At the same time, it should be added that, in addition to antinutritional properties, glucosinolate breakdown products also show protective (antitumor) activity for higher animals and humans (T r o c z y ń -s k a , 2005). A -100% of the NPK rate, without foliar fertilization (control treatment); B -100% of the NPK rate and autumn spraying with the solution: urea + nickel chelate + MgSO4H2O; C -75% of the NPK rate and autumn spraying with the solution: urea + nickel chelate + MgSO4H2O; D -100% of the NPK rate and autumn spraying with the solution: urea + Plonvit R + MgSO4H2O; E -75% of the NPK rate and autumn spraying with the solution: urea + Plonvit R + MgSO4H2O. ), had the most beneficial effect on winter rape yield and produced the lowest glucosinolate content. The effect of the action of such a combination of foliar fertilizers was similar in the case of both seeding rates.
